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ADVANCED CORN ROOTWORM MANAGEMENT 
Jon Tollefson 
Professor of Entomology, 
Iowa State University 
The northern com rootworm, Diabrotlca barberi, is believed to have been 
indigenous to the northern Com Belt of the United States (Branson & Kxyson 
1981). It was reported as a new pest of com by C.V. Riley (1880). who claimed 
farmers had been experiencing losses from the pest since 187 4. The remedies 
suggested were "rotation of crops, destruction of Ambrosia trifida (ragweed) on 
which the beetles congregate. and the application of lime and ashes around the 
young com to ward them off." Within two years, SA. Forbes (1882) published a 
surprisingly complete description of the insect and its damage in his Annual . 
Report. He concluded that there was a relationship between the severity of attack 
and the number of years com had been planted in a field. Because the larvae were 
"scattered and hidden in the soil," Forbes felt they would only be susceptible to 
local applications of "agents" to the soil, but that this would be impractical except 
ori a very small scale. He felt that "no matter how thickly stocked with eggs the soil 
may be," there was "no reason to fear injury to any other crop than com" and that 
"a single season in grass or any small grain is sufficient to destroy those in the 
ground." Even though technical advances have made it economically feasible to 
proteCt corn roots with insecticides. crop rotation has remained our preferred 
method of control where it fits cropping practices. 
Following World War II, technical developments in the areas of synthetic 
fertilizers and chemical pest control made it possible for fanners to specialize in the 
production of high-value cash crops. Because of favorable soils and climate and 
the relatively high market value, fanners in the northcentral region of the United 
States concentrated on the production of com. The emphasis on com production 
resulted in a concomitant increase in com rootworm problems, demonstrated by 
the spread of the western com rootworm, D. vtrgifera. from the Rocky Mountains. 
where it was first discovered in the U.S .• to the East Coast. It is common 
throughout the Com Belt and 78% of the farmers that plant corn after corn treat 
the soil with an insecticide (Wintersteen & Hartzler 1987). 
The introduction of Glycine max (soybeans) and the development of a 
market for its grain offered a crop adapted to the Corn Belt whose cash value 
rivaled that of com. On land suited for soybean production, the fanner can realize 
several advantages by alternating corn and soybean crops: the beans Ox nitrogen 
that can be used by the following com crop, the rotation between a grass and 
broadleaf crop improves weed control, less tillage is required when corn is planted 
after soybeans. and soil insecticides have not been needed to cont~ol com 
rootworms. These attributes increased the popularity of soybeans in Iowa until the 
amount of land planted to the bean exceeds that of com planted after com 
(7,367,000 & 5,560,000 acres, respectively; Wintersteen & Hartzler 1987). 
Since the description of the insect as a pest, there have been some reports of 
com rootworm damage to com planted after other crops. Forbes (1882) recounted 
the phenomena in his early description of D. barber! as a pest. He claimed the 
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damage to first-year com always was located at the edge of the field next to where 
com had been grown the previous year and assumed beetles had migrated into the 
nonhost crop to lay eggs. In 1932 Bigger reported an experimental field where 
growing corn on alternate years failed to control com rootworms. More recently Hill 
& Mayo (1980) reported that, while the western com rootworm had largely replaced 
the northern in Nebraska com, the northern "exhibited significant persistency'' in 
the northeast cropping district. They attributed this to the fact that the cropping 
area grew more com in short rotation with other crops, offering the northern a 
selective advantage because it dispersed into other crops more readily to lay eggs. 
It has been proposed that the beetles are attracted to pollen provided by the 
indeterminate soybeans and late-flowering weeds when com is senescing. In all 
soybean fields sampled, Shaw et al. ( 1978) found beetles and larval damage the 
following year. The level of damage could not, however, be related to the degree of 
weediness or to the amount of volunteer com in the bean fields. They did find. 
though, that 80% of the eggs laid in nonhost crops were D. barberi, even though 
the northern beetles were no more frequent than D. virgifera. Johnson & Turpin 
(1985) could not show a relationship between the density of grassy weeds and the 
number ofrootworm eggs laid in com planted after com. Gustin (1984) 
demonstrated that D. barberi would lay eggs in postharvest oat residue and 
associated grasses and forbs. but at a much lower rate than in com. Using pollen 
collected from the insect's gut, Cinereski & Chiang ( 1968) concluded that beetles 
were visiting weeds and crops other than com. but that they returned to com to lay 
their eggs. Krysan et al. (1986) felt that these studies did not support the theory 
that enough corn rootworm beetles were laying their eggs in nonhost crops to 
produce the levels of damage experienced at times. They felt there may be another 
· plausible reason. the occurrence of a two-year diapause. 
Chiang (1965) reported the discovery of northern com rootworm eggs that 
completed diapause after a second winter in the soil. In this early study, however, 
less than 0.3% possessed the extended-diapause interval. This was not considered 
to be of economic significance. In 1984 Krysan et al. reported on a population from 
South Dakota in which approximately 40% of the eggs did not hatch until they had 
diapaused a second winter. This prompted the South Dakota researchers to join 
with collaborators from Iowa and Minnesota in a regional assessment of the 
possibility of the existence of a population variant that had a diapause periodicity 
that matched the growing of its host in annual rotation with a nonhost crop. South 
Dakota researchers conducted a controlled laboratory/field study, and Iowa and 
Minnesota researchers conducted field surveys. 
During late summer 1983. United States Department of Agriculture 
scientists from Brookings, South Dakota. collected D. barberi beetles from four 
sites, two in Minnesota and two in South Dakota. The beetles were held in 
laboratory cages and their eggs were collected. The eggs were separated into lots of 
200 and eight lots from each location were buried in the soil. The following June, 
the eggs were exhumed, held in the laboratory at 25° C, and the hatch recorded. 
Those that had a healthy appearance but did not hatch were reburied for a second 
winter. The percentages of eggs that did not hatch until after a second winter in the 
soil are presented in Table 1. Beetles from three locations produced a high 
percentage of eggs that remained in diapause for two winters. At these locations, 
corn was being grown in rotation with soybeans. At the fourth location 
(Rosemount), where corn was being planted continuously, only 8. 7016 possessed the 
extended diapause trait. 
Tablel. Proportion of 1600 D. harbert eggs with extended diapause from beetles 
collected in Minnesota (MN) and South Dakota (SD) during 1983 (adapted from 
Krysan et al. 1986) 
%with 
Total hatched No. hatched extended 
Location over 2 years 2nd year diapause 
Madison, SD 7 98 374 47 
Brookings, SD 669 280 42 
Mapleton, MN 534 208 38 
Rosemount, MN 779 70 9 
During 1985, 78 Iowa and 60 Minnesota fields reported to have corn 
rootworm problems, i.e., lodged corn or heavy beetle numbers, were visited and the 
presence of a corn rootworm population was confirmed. Eleven of the Iowa and 
nine of the Minnesota fields had unique cropping histories that provided empirical 
evidence for extended diapause. During 1983 a portion of each of the unique fields 
had been planted to corn; the remainder had been enrolled in a government-
subsidized, set-aside program ("PIK" =Payment In Kind) and planted to a noncom 
cover crop. All20 fields were planted completely to soybeans in 1984 and to corn 
in 1985. The 1985 larval damage was found only in areas of the fields that had 
been planted to corn in 1983; areas sown to a cover crop were not damaged. This 
suggests the eggs were laid in 1983--two years before hatching. If the eggs had 
been laid in the 1984 soybeans, the corn rootworm damage should have not been 
so closely related to the 1983 cropping pattern. 
During 1987 the incidence in Iowa of corn rootworm latval damage in corn 
grown in an annual rotation with another crop, usually soybeans, made its third 
consecutive, dramatic increase. This led farmers to begin to ask Extension 
Specialists, 'What is the likelihood I will experience losses from the variant of D. 
barber!? Should I apply a prophylactic soU insecticide treatment to my first-year 
corn?" These questions prompted us to conduct a sutvey of the extent of the corn 
rootworm problem in rotated corn and the Leopold Center for Sustainable 
Agriculture to fund the sutvey. 
1988 Adult Survey 
The area of Iowa at risk was defined as the 35 northwestern counties. A 
stratified-random sutvey of the area was condu~ted by grouping the counties into 9 
strata of 4 counties each (one county was nearly twice as large as the others and 
was grouped with only two others, hence 9 strata with 35 counties). One county 
was randomly selected from each grouping. Under a contract with the Iowa 
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Department of Statistics which maintains a computer listing of all land operators. a 
random list of farmers' names was chosen from each selected county. The 
telephone was used to make 50 "positive contacts" from each county. for an initial 
sample size of 450. A positive contact was an answer by someone who was familiar 
with the farming practices and was empowered to allow access for the purpose of 
surveying for the pest insect. The telephone survey yielded 319 farmers who grew 
com in annual rotation and gave permission to sample one of their fields for D. 
barberi. Of the 50 initial positive contacts. the number of fields sampled per county 
ranged from 22 to 46. Very few growers refused permission to sample their fields: 
the greatest loss of cooperators was due to the lack of com grown in rotation. 
Sampling for the presence of D. barberi was carried out by three teams of 
two scientists each. To avoid sampler-by-county confounding, the teams rotated 
among counties so that each team sampled in each county. The field to be sampled 
was the cornfield that was closest to the home address that had been in corn two 
years previously. In thiS way. the temptation of the cooperator to direct us to a field 
he felt had a northern com rootworm problem was avoided. The presence of NCR 
was quantified by counting the number of beetles on 20 plants and recording an 
average number of beetles per plant. To help verify that the beetles had originated 
from that field, the roots of five plants were dug, the soil shaken off, and examined 
for larval feeding. Larval damage was rated on the Iowa 1-6 damage rating scale 
with 1=no damage and 6=severe root feeding (Hills and Peters 1971). Because the 
larval stage cannot disperse, the presence of larval feeding was taken as evidence 
that beetles present had emerged from that field. The 319 fields were sampled 
within 14 working days, beginning on July 18. Sampling was conducted with such 
urgency because, once beetle emergence was well under way, the presence of the 
insect had to be documented as quickly as possible to .reduce the influence of 
movement between fields. 
Upon collection of field hiStory questionnaires, it was leamed that 4 7 of the 
farmers had applied a soil insecticide to the first-year cornfield sampled. A few of 
the insecticide treatments were applied for pests other than com rootworm, but in 
most cases the farmer previously had noticed rootworm damage in first-year com 
and had applied insecticide in 1988 as a precautionary measure. The 272 
untreated cornfields offered unbiased assessments of the infestation level of NCR. 
The results of the D. barberi survey are presented by county. grouped in 
tiers from the north to the south, in Table 2. D. barberi adults were found in 94 % 
of the fields. Applying the existing adult com rootworm threshold for taking control 
action in com planted after com (1 beetle per plant) to the fields with beetle 
infestations results in the prediction that 42% of the fields had noneconomic 
infestations (column 1). Of the economic infestations, 30% had heavy beetle 
populations (column 5). There were few fields, however, that suffered sufficient 
larval damage to have warranted an insecticide treatment (235 fields or 86% 
noneconomic, 36 fields or 13% at the economic threshold of slight root pruning, 
and 1 field with significant root pruning). Infestations were heavier in the northern 
and central tiers of counties than the southern. This was consiStent with two 
general trends. The extended-diapause problem has been more common in the 
northern parts of Iowa and beetle populations were common during the draughty 
1988 season, but there were few reports of serious laiVal damage and lodging. 
Table 2. Frequency of fields possessing extended diapausing D. harbert 
populations in 9 counties representative of the northwestern third of Iowa 
Number of Beetles per Plant 
County 0 0-1 1-2 2-4 >4 
north em 
0' Brien 1 0 7 11 13 
Dickinson 0 12 9 6 3 
Kossuth 3 13 7 9 7 
central 
Ida 0 4 1 6 12 
Pocahontas 3 10 12 6 1 
Hum bolt 2 16 7 9 6 
south em 
Shelby 2 20 4 2 2 
Audubon 2 21 3 1 0 
Dallas z ___!a _a ~ _Q_ 
Total us 109 53 51 44 
In addition to the extensive survey, four farmers who had reported rootworm 
damage to rotated corn in 1986 were selected as loci for the careful documentation 
of the interfield pattern and economic unpact of rootworm infestations in rotated 
com. To document that the fields harbored a population of com rootworms, adult 
northern com rootworm emergence was monitored with ten cages placed in strips 
of com that had not received a soil insecticide treatment. Abundant beetle 
emergence in the fields that contained insecticide treated and untreated strips 
provided additional proof that rootworms are capable of surviving in Iowa com 
grown in annual rotation. Because riearly all the adults collected were NCR. it is 
felt that the extended-diapause trait is still confined to the northern species. 
To estimate the economic impact of com rootworms in rotated corn, the 
com produced in the untreated strips and adjacent insecticide treated strips the 
four loci fields and five additional cooperators was machine harvested by the farmer 
and weighed in the field using a weight wagon. Grain samples were returned to the 
laboratory for a moisture determination and yields were converted to No. 2 shelled 
com at 15.5% moisture. Beetle sampling documented the presence of adult 
northern corn rootworms in the non-loci fields with insecticide treated/untreated 
strips, indicating they probably supported populations of extended-diapause 
northern corn rootwoims. 
On the average, insecticide treatment resulted in greater yield (Table 3). The 
relative differences were small, however, and only positive 55% of the time. At 
current crop prices and insecticide costs. only one the nine fields returned a profit. 
In the Alta field a return of about two bushels over the cost of treatment would have 
been realized. 
139 
140 
Table 3. Average 1988 Corn Yields from Insecticide Treated and Untreated 
Strips in Iowa 
Location Treatment Yield! Yield Advantage 
Loci Cooperators 
Ashton insecticide 25.8 -0.7 
untreated 26.5 
Blairsburg insecticide 101.6 + 3.2 
untreated 98.4 
Marathon insecticide 86.7 + 0.4 
untreated 86.3 
Vincent insecticide 118.9 -0.5 
untreated 119.4 
Additional Cooperators 
Alta insecticide 113.8 +7.4 
untreated 106.4 
Odebolt insecticide 146.5 -2.3 
untreated 148.8 
Sheldon I insecticide 88.6 -8.4 
untreated 97.0 
Sheldon II insecticide 137.4 + 4.1 
untreated 133.3 
Swea City insecticide 131.7 + 0.1 
untreated 131.6 
Average insecticide 103.4 +0.4 
untreated 103.0 
1 Yields converted to No.2 shelled corn at 15.5% moisture 
1988-89 Egg Survey 
To begin to relate the number of NCR eggs present in fields where corn and 
soybean are being rotated with subsequent larval damage. egg samples were 
collected using the trench-sampling technique (Hein et al. 1985). Pint aliquot sub-
samples were returned to the laboratory for egg extraction (Shaw et al. 1979). 
counting, and identification to species. Egg number determinations were made in 
four loci cornfields and five soybean fields at the loci sites that were in rotation with 
the corn. In addition. one soybean field belonging to each of nine additional 
cooperating farmers were sampled. The number of beetles per plant had been 
determined by us during 1988 in the loci cornfields and in 198 7 by Extension 
Service scouts when the 14 soybean fields (5loci farms+ 9 additional cooperators) 
had been planted to corn. 
The currently accepted rootworm control threshold based on egg sampling is 
five eggs per pint of soil. This threshold was not exceeded in any of the 1988 
soybean fields sampled that would be planted to com in 1989 (Table 4). Based on 
this small data set, it was expected that 1989 might not be a year when extensive. 
severe northern com rootworm larval damage would occur in rotated com. 
Table 4 Average Number of Northern Com Rootworm Eggs per Pint of Soil 
from 1988 Iowa Com and Soybean Fields 
Name 
Loci Cooperators 
Hansen 
Erikson 
Keller 
Bird 
Denklau 
Location 
Milford 
Marathon 
Blairsburg 
Marcus 
Vincent 
Additional Cooperators 
Galvin Alta 
Davis 
Hawthorn 
Dougherty 
Batz 
Johnson 
Keller 
DeJong 
Bowman 
Laurens 
LohiVille 
.. Lake City 
Yetter 
Ashton 
Melvin 
Hospers 
Adel 
Crop Sampled 
Com Soybean 
4.3 
9.4 
2.4 
3.8 
0.6 
0 .9 
1.4 
0.8 
1.1 
0.6 
0.1 
0.4 
0.2 
1.2 
1.0 
0 .7 
0.6 
0.2 
1989 Adult Survey 
To evaluate how populations of the extended-diapause northern com 
rootwonn are likely to differ from year to year, the survey of the incidence of corn 
rootwonn infestations in rotated corn was repeated during 1989. The 1989 survey 
was exceptionally important because, even though egg sampling indicated the 
potential for damage was low, 1987 beetle populations had been the largest 
recorded recently. With the extended-dtapausing variety having a two-year Itfecycle, 
the 1989 infestations would be the result of the surviving eggs laid by the large 
beetle populations. 
To detennine if the infestation of a field by northern com rootworms 
increased the likelihood of adjacent fields being infested, the 1988 survey data were 
analyzed using geostatistlcal techniques. The best sampling design to collect data 
for geostatistlcal analysis is a regular arrangement of sample points with the 
distance between grid points dictated by the size of aggregates of the sampled 
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population. While the stratified-random design used in 1988 was not the most 
efficient for geostatistical analysis, it was suitable to provide an estimate of whether 
north em com rootworm populations among fields were related and the size of the 
area over which the populations were sim1lar. The geostatistical analysis of the 
1988 data indicated that populations might be related over approximately a twelve 
mile area. 
Because the 1988 data indicated geostatlStical analySis might prove useful 
in determining how northern com rootworm infestations were distributed, a regular 
sampling pattern was used in 1989. Because funding was reduced in 1989 and 
contiguous counties would have to be sampled, the survey was restricted to the 
northwest 19 counties of Iowa. The distance between grid points was chosen to be 
10 miles. To provide increased resolution in the case that aggregates proved to be 
smaller than 12 miles, ten grids with sample points spaced one mile apart were 
superimposed on top of the larger grid. The design produced a sample size of 
approximately 360 fields. 
Potential field sites were located by laying out the grid on plat maps. The 
assistance of the Soil Conservation Service (SCS) county offices was then enlisted to 
chose specific locations. During June and early July, the SCS cropping records 
were used to identify fields that were planted to com and had been planted in 
soybeans in 1988. If the field at the grid point did not fit the cropping histmy. the 
closest field that did was chosen to be sampled. During late July and early August. 
two-person sampling teams visited the fields and counted the number of beetles on 
20 com plants in each field. The data are currently being summarized and will be 
distributed as handouts at the workshop. Geostatistical anazyses will be conducted 
throughout the winter and the results will be available in the spring. 
Conclusions 
The frequency of NCR beetles and evidence of lruval feeding in rotated corn 
grown in northwest-Iowa indicates that the potential ofrootworm damage in first-
year com may be widespread. However, at least during 1988 and 1989, the severity 
of root damage and magnitude of yield increases from application of soil insecticides 
did not justify the widespread application of the insecticides. These lighter 
infestations must be tempered, however. by the earlier heavier infestations. It is 
likely the levels of damage will vary from year to year depending on population 
fluctuations of the northern com rootworm. To prevent the excessive use of 
insecticides. specific action thresholds for northern com rootworms in rotated com 
must be established. The evidence from Iowa supports three years of unpublished 
data from Minnesota. These data suggest it may take four to five northern com 
rootworm beetles per plant to lay enough extended-diapause eggs to produce 
economic damage when com is planted in the same field two years later 
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